Dallas / Fort Worth (DFW) International Airport has experienced significant increases in air traffic demand that supports the need for an overall airport expansion program. Recent expansion of existing terminals has caused the current Airports Train network to operate at nearly maximum practical capacity. Therefore, the addition of a secure Automated People Mover (APM) System to transfer passengers between all Airport Terminals is critical to the expansion and future operation of DFW International Airport. The new APM will enable secure connecting passengers to travel between all gates within the Airport's Central Terminal Area (CTA).
Introduction
DFW is undergoing a five year $2.6 billion Capital Development Program (CDP) that includes 3 runway extensions, an automated people mover system, a new international terminal, as well as several other projects. DFW has experienced significant increases in air traffic demand that support the need for a new automated people mover system to meet the FAA's 30-minute transfer criteria. The existing Inter-Terminal train system, which is currently running near maximum capacity, is unable to meet the forecasted demand. A secure APM System that can move passengers quickly between terminals is needed to support future terminal expansions.
The new DFW APM will have the ability to move 5,000 passengers per hour per direction at each station on opening day. The "Ultimate System" will handle the higher passenger load forecasted for the future of 8,500 passengers per hour per direction. Passengers will have to wait no longer than two minutes between trains, and will be able to reach the farthest points of the airport in less than nine minutes.
The APM Program consists of six major elements:
• Guideway Structure
• Stations
• Maintenance and Storage Facility
• Integration with existing Terminals on the concourse level.
• Apron / Jet Bridge Modifications
• Train System
The design solutions for these elements are driven by schedule constraints, airline operational restrictions, physical site constraints, and the performance requirements of the selected train system.
Program Strategy
The APM Program requires a sixty (60) month completion schedule from start of design until initiation of public service. The General Contractor must complete the last section of guideway and the propulsion power substations within thirty-three (33) months to meet the availability dates contained in the Train System Suppliers contract. The consolidated design / construction schedule was coordinated to meet this contractual obligation and required very aggressive design and construction sequences.
The design team identified 23 pricing packages and 96 Construction Document packages to support the "Fast-Track" construction schedule. Schematic design began in May 2000, and the first foundations were under construction three months later. Construction will be complete by the middle of 2003, and installation and testing of the train system will end by the first quarter
2005.
The General Contractor will field almost two thousand (2,000) workers daily at the peak of construction. The Contractor will also have to manage multiple work zones at each of the five terminal locations and along the landside segments.
To accelerate the design-build process as much as possible, the General Contractor hired a steeldetailing firm to work directly with the steel design engineers even as the schematic designs were being developed. By working with the steel detailer directly from the earliest stages of design, the design drawings and shop drawings were created simultaneously. As soon as plate sizes were determined, these long-lead time items were immediately ordered from the steel mill well before final design details were developed.
Consolidated Organization
The combination of a highly accelerated schedule, a technically complex project, and a large 
APM Overview
The Program cost of $849 million makes the DFW APM Project the largest airport people mover system constructed to date. In addition to meeting the passenger transport functional goals, the project also presents an opportunity for the APM guideway to provide a homogenous and sleek look coordinated with the DFW airport CTA environment that was designed during different timeframes, thus establishing a new image for the airport.
The 25,400 linear foot guideway structure has two independent bi-directional lanes that will allow the trains to run in both directions at speeds up to 37 mph. The guideway is a continuous 
APM Guideway Structure
The APM Guideway structure is the visual link and unifying element for the terminal complex.
To achieve DFW's goal for a strong architectural cohesiveness, DFW specified that the guideway superstructure provide a "ribbon-like" appearance with a smooth (clean) underside, similar to precast segmental post-tensioned concrete bridges. Segmental post-tensioned construction, however, was estimated to cost about 15% more and take one year longer than common prestressed concrete beam construction. U-beams were dapped at the ends to fit into inverted-tee bent caps to give as sleek a finish as possible ( Figure 5 ). The beams are topped with a cast-in-place bridge deck and parapet walls. The result is an economical bridge structure that has the beam soffits flush with the bottom of the bent caps. The metal soffit panels between the beams also help provide the clean monolithic appearance that is desired ( Figure 6 ). In areas outside of airport air operations area, where 118 of the 372 columns are located, cast-inplace concrete columns are used. This method of construction takes about 7 days per column for reinforcing steel and column form erection, concrete placement and curing, and form striping.
The airside guideway columns consist of pre-cast, post-tensioned concrete segments joined together with a pre-cast concrete bent. The use of precast concrete beams is commonplace, but the use of precast concrete columns and bent caps is relatively unusual. This technology, while approximately twice as expensive as traditional cast-in-place construction, allows for savings in reduced construction time and minimized disruption to airport operations, which outweighs the added costs.
Precast erection does not need the sizable amounts of airfield space that guyed cast-in-place concrete formwork requires. A column can be completely erected in 2 days without closing a gate or impacting adjacent gate operations. Pre-cast construction results in a timesaving of approximately 6 months and will keep the construction process within the 33-month construction window required by the Program.
A precasting yard was assembled on site, adjacent to the concrete batching facilities. The column segments and bent caps are fabricated well in advance, stored at the yard, then shipped during night operations and erected. Almost all of the major material delivery and hauling efforts are required to be performed at night to reduce traffic on the ramp during the day and because stockpiling materials at the work zone is rarely feasibly.
The precast column segments are cast in ten-foot tall hollow sections, each weighing about 38 kips (Figure 8 ). Each segment is match cast against the adjacent segment with post-tensioning ducts, drainage lines, and electrical conduits cast into the segments. There are four posttensioning bars and eight post-tensioning ducts in each column.
The transition between the drilled shaft and the precast column is a critical juncture. There are three important things happening at this point. First, the post-tensioning force in the column (which is around 4,200 kips) must be transferred to the mild reinforcing in the drilled shaft.
Second, at this juncture the first precast segment is placed; any misalignment here will cause the entire column to be out of plumb. Finally, this area must be able to endure traffic impacts (estimated to be 200 kips) from the tug vehicles and baggage trucks moving constantly around the airfield.
The solution was a five-foot tall pier cap cast above the airfield paving and jacketed with 3/8-inch thick steel plate. This pier cap anchors both the post-tensioned reinforcing from the column and the mild reinforcing from the drilled shaft. The column post-tensioning ducts extend through the pier cap and end in a loop in the top 5 foot-3 inches of the drilled shaft. The top of the pier cap has three adjustable leveling bolts to plumb the first column segment. A flowable grout is placed in the 2-inch gap between the first column segment and the pier cap. Finally, the steel plate encasing the pier cap provides impact resistance to the airfield traffic (Figure 8 ).
After the first column segment is placed, successive segments can rapidly be added, followed by the bent cap. When the bent cap is in place, the four post-tensioning rods are stressed and the multistrand tendons are run through the ducts. After stressing the tendons, the ducts for both the bars and tendons are fully grouted.
The bent caps are inverted-tee members to support the dapped ends of the precast beams. A typical bent cap is 25 foot-7 inches long and weighs 109 kips. The ends of the bent caps are sloped to match the sloping sides of the prestressed U-beams. The bent cap design presented a formidable challenge to the precaster. The bent caps are quite congested with the typical mild reinforcing, drain piping, electrical conduits, sleeves for future utilities, prestressing ducts, and bursting reinforcement (spirals) (Figure 9 ).
APM Stations
The APM system will have twelve stations, 2 at each of the four existing and two future terminals. The stations at future terminals D and F are totally integrated into the design of the stations. At the four existing terminals, each of the eight stations is a substantial structure in itself: 76 feet tall, 454 feet long, but only 30 feet wide (Figure 10 ). The objective of the station design process was to introduce a world-class image that is visually high-tech in appearance and architecturally strong. This dictated that the architecture should define a sense of arrival with a strong visual connection when the passenger is approaching the station. This is achieved through soaring interior spaces tied together with large expanses of glass supported by a lightweight truss system (Figures 11 and 12 ).
The APM platform, which is approximately 13 feet above the rooftop elevation of the existing terminals, is 180 feet long, 30 feet wide, and features 3 escalators, one elevator, and one stair tower at each end. The escalators and elevators take the passengers "to and from" the platform level down to the Terminal concourse level. The stair tower is intended to provide egress down to the ramp level in the event of an emergency.
The structural design of the stations is unique. There are 10 main support columns, which are 6-foot x 10-foot precast post-tensioned hollow segmental concrete spaced 90 feet on center. Long steel trusses span between the columns, supporting composite steel floor beams. By spacing the columns at 90 feet on center, valuable airfield space was conserved and disruptions to airport operations were minimized. At the train platform level, the long spans allowed for variations in train door configurations.
The APM guideway runs on the front and backside of the station and is supported by the station framing. Twin steel plate girders, each 62 feet long, rest on the precast columns and cantilever 16 feet beyond each column to support the precast prestressed guideway beams ( Figure 13 ).
Each station has multiple construction phases that are determined by the configuration of the gates in the vicinity of the station, type of ramp and baggage operations that occur in the area, and configuration of the steel frame, to name a few. A detailed phasing plan for each station is prepared by the design team in collaboration with the General Contractor and coordinated with all stakeholders by the APM Program Management.
Conclusion
The design of the DFW APM system has been underway since May 2000. The guideway construction began in September 2000 and is progressing on schedule. The visual impact the guideway will have on the airport CTA is just beginning to reveal itself as the columns are coming out of the ground all around the airport. The solutions to meet the schedule-driven project and minimize disruption to operations have resulted in creative design achievements.
The DFW APM conserves valuable airfield space, and uses relatively unusual precast concrete columns and bent caps to significantly reduce construction time. These structural design innovations also contribute to the clean monolithic appearance of the guideway and the floating, soaring feel of the stations.
The decision by DFW to locate the entire APM Team on site has proved to be invaluable.
The complexity of precast post-tensioned structure has proven to be a very complicated fabrication process. The efforts of the designers and contractors to resolve issues and minimize impacts to the production schedule have proven that a team approach to solving problems really works.
